Background: Environmental and policy approaches are promising strategies to raise population-wide rates of physical activity; yet, little attention has been paid to the development and prioritization of a research agenda on these topics that will have relevance for both researchers and practitioners. Methods: Using input from hundreds of researchers and practitioners, a research agenda was developed for promoting physical activity through environmental and policy interventions. Concept mapping was used to develop the agenda. Results: Among those who brainstormed ideas, 42% were researchers and 33% were practitioners. The data formed a concept map with 9 distinct clusters. Based on ratings by both researchers and practitioners, the policy research cluster on city planning and design emerged as the most important, with economic evaluation second. Conclusions: Our research agenda sets the stage for new inquiries to better understand the environmental and policy influences on physical activity.
Although the multiple health benefits of regular physical activity are well documented, 1 more than half of US adults do not participate in physical activity at recommended levels. 2 For behaviors such as physical activity that prevent chronic diseases and have a graded risk and continuous distribution, 3 the objective of prevention efforts should be to foster an upward shift in the distribution of physical activity in the population. For example, it is estimated that even with a small increase in population levels of physical activity, as many as 30,000 to 35,000 deaths per year could be averted in the United States. 4 Two principles should guide efforts to increase physical activity. The first principle is that a greater understanding is needed regarding the effectiveness and reach of specific environmental and policy interventions for promoting physical activity as recommended by authoritative groups. [5] [6] [7] These approaches are designed to help people develop healthier behaviors by providing opportunities and support, as well as cues to be active. 8 Such interventions can benefit all people exposed to the environment rather than focusing on changing the behavior of one person at a time. Environmental and policy approaches may directly affect behaviors (eg, the price of gasoline affecting automobile use) or they may alter social norms (eg, seeing many active people in a neighborhood may prompt a greater acceptance of physical activity). Importantly, environmental and policy approaches are oftentimes more permanent than programs focused on behavioral change at the individual level, and thus, there is reason to expect long-term effects on behavior from such approaches. Even though there is a growing body of research on physical activity and the physical environment (ie, the built environment that involves the design and infrastructure of our communities), 9 ,10 the evidence base for many policy interventions is sparse and the conceptual issues are underdeveloped. 11 The second principle is the need to combine evidence-based practice (ie, prioritize implementation of interventions shown to be effective and consistent with community preferences) 12, 13 with practice-based evidence (ie, evidence that is developed in the real world rather than in highly controlled research conditions). 14 In particular, for research on the environment and physical activity, there is a need to involve several diverse disciplines (eg, public health, urban planning, transportation planning, leisure studies) to combine their conceptual perspectives and methods. 15 Practitioners consistently want to have a higher level of influence over the production of research (eg, which research questions are addressed), 16 and client-driven research tends to enhance the use of evidence in policy settings. 17 Unfortunately, research agendas are often developed by funding agencies or individual research teams without broad input from the research and practice communities. This lack of broad input can lead to gaps in the knowledge base, resulting in part from not always funding the highest priority research.
To contribute scientific knowledge in this area, the Physical Activity Policy Research Network (PAPRN) was established in 2004. The PAPRN is a thematic network of the US Prevention Research Centers program with a goal of identifying which policies are effective in increasing physical activity in communities (see http://prc.slu.edu/paprn.htm). Relying on input from hundreds of researchers and practitioners, the PAPRN recently led an effort to systematically develop a research agenda for promoting physical activity through environmental and policy interventions. The current article reports the findings from this effort.
Methods
Concept mapping was used to develop the research agenda; this technique provides a visual representation of the complex relationships among ideas and integrates qualitative and quantitative methods. 18 In addition, it provides broadly dispersed participants with the opportunity to identify ideas and participate in the interpretation of their group perceptions. 19 This process is considered particularly appropriate for obtaining information regarding group-level definitions and perceptions as opposed to individual conceptualizations. 20, 21 Concept mapping includes 6 steps: preparation by selecting a group of participants and determining the primary question or focus, group brainstorming to generate statements, structuring statements through a sorting process to create clusters, representation of the statements/clusters by using a map, interpretation of the maps, and use of the maps. 21 In the current instance, a core group of researchers and practitioners (n = 10) oversaw all aspects of the project. For this study, we defined a researcher as a person whose primary role involves conducting scientific studies (eg, in a university) and a practitioner as a person whose primary role involves development and delivery of public health interventions (eg, in a state health department). These individuals represented the many disciplines that could influence physical activity, 15 including public health, transportation, parks and recreation, and urban planning.
Step 1: Preparation
The core group defined the focus statement and determined the appropriate sample. The focus statement for this project was, "One research topic that will best inform policy or environmental approaches to physical activity promotion is . . .". The core group initially identified and nominated 641 persons from a variety of disciplines representing both researchers and practitioners across the United States to participate in the concept-mapping process.
Step 2: Brainstorming Brainstorming sessions are used to generate research topics in response to the focus statement. After an initial screening to identify invalid e-mail addresses, beginning in October 2006, 600 participants were invited to participate by generating research ideas via a secure Web site. Because participants submitted their ideas anonymously, we could not calculate exact response rates or the average number of responses submitted per respondent. Members of the core group reviewed the research ideas generated through the brainstorming process and distilled 109 unique research topics from the materials submitted.
Step 3: Structuring of Ideas During November and December 2006, the same group of participants was asked to complete 2 online surveys that listed the 109 research topics. On 1 survey, participants rated each idea on its importance relative to the other ideas, and on the other survey, they rated the feasibility of implementing the idea in the next 5 years (scores ranged from 1, relatively unimportant/not feasible, to 10, extremely important/feasible) using the same secure Web site. One hundred and seven participants completed the importance rating scale (18% response rate), with 88 also completing the feasibility rating scale (15% response rate).
As a subset of the group described in step 2, a smaller group of participants (n = 20) who were selected for their familiarity with the field of physical activity were asked to individually sort (group) the research ideas into themes or categories based on the similarity of ideas. These participants were asked to create their own categories. They were told that each statement could be placed into only 1 category, and the sorting process should result in more than 1 category but fewer categories than the total number of ideas.
Step 4: Representation
Data from the sorted and rated ideas were entered into the Concept Systems software (see www.conceptsystems.com). 21 The software takes the data and performs cluster analysis and multidimensional scaling (MDS) to allow for visual representation of the data in the form of clusters. This analysis groups or partitions the ideas on the map as they were placed by the MDS into clusters of ideas located in contiguous areas of the map. Items that were similarly categorized by several participants appear closer together on the map than those items that were not frequently sorted together by participants. The final "concept map" presents an arrangement of these clusters of ideas. A standardized, systematic process is applied to identify the most useful number of clusters by considering the range of issues represented, the purpose and intended uses of the resulting map, and the observed coherence of clusters at different levels. 19 Each cluster was named by the core group based on the set of ideas within the cluster.
In addition to the concept map, "Go-Zones" were created to compare ratings of subgroups at the idea level, within clusters. Go-Zones are scatter plots of all the ideas represented in the clusters, with the mean importance rating on the x-axis and the mean feasibility rating on the y-axis. The graph is divided into 4 quadrants: the upper right quadrant represents ideas rated as both highly important and highly feasible; the lower right, highly important, but less feasible; the lower left, not important and not feasible; and the upper left, not as important, but feasible. Go-Zone graphs were created to represent the perspective of researchers and of practitioners in an effort to identify areas of congruence and disagreement.
Steps 5 and 6: Interpretation and Use
Twenty-six individuals (20 of whom had sorted the research ideas) from diverse backgrounds participated in an in-person meeting in February 2007 to review the concept map and Go-Zones. After an initial discussion of the results and potential products, the participants were divided into 5 work groups. Each work group was assigned 1 or 2 clusters of research ideas to review and were asked to respond to 3 questions:
1. To study the top-priority issues identified by our process, what are some tools/ methods that would be useful in studying each issue?
2. How might various disciplines and professions work together to address these research areas? 3. What actions need to be taken to move this research agenda forward as quickly as possible? By whom?
Results
Among those who brainstormed ideas in step 2 (n = 238), 42% were researchers, 33% were practitioners, and 25% were in a variety of other categories (all were self-identified). Among the 107 persons who rated statements for importance and feasibility (step 3), 58% were researchers and 42% were practitioners. Analysis of the concept-mapping data resulted in a map with 9 distinct clusters ( Figure 1 ). The number of statements in each cluster ranged from 8 (for City planning and design and Implementation of policies clusters) to 17 (Measurement/ methodology cluster). On the map, a smaller cluster suggests a tighter grouping of statements in that domain (ie, more agreement among raters) and the distance between clusters suggests conceptual similarity or difference (with greater distances suggesting less conceptual similarity between clusters). The cluster layers indicate the overall importance of the statements in the cluster, with more layers suggesting higher importance. The highest priority statements within each cluster are shown in Table 1 (the full set can be found at http://prc.slu.edu/paprn.htm).
Based on the item ratings of both researchers and practitioners, the cluster on City planning and design emerged the most important, followed by Economic evaluation. Pattern matching showed that there was a high overall concordance between researchers and practitioners on importance (r = .86).
For feasibility, both researchers and practitioners assigned the highest rating items in the Schools cluster. The next most feasible cluster was Population subgroups among researchers and Measurement/methodology among practitioners. As with importance ratings, pattern matching for feasibility showed high agreement between the 2 types of respondents (r = .77).
A third set of pattern matches compared ratings for importance among practitioners with ratings of feasibility among researchers (Figure 2 ). The rationale for this analysis was that practitioners are likely to be closer to what is needed in communities they serve (which could be defined as importance), whereas researchers are closer to the research process and thus might be better equipped to rate feasibility. Based on the rating process described earlier, the range in mean values for importance was 5.74 to 7.21 and the range for feasibility was 5.21 to 6.54 (on a scale of 1 to 10). These analyses showed an inverse correlation between importance and feasibility (r = -.56).
These results were presented at the in-person meeting for review (steps 5 and 6). In discussing the tools and methods that could help advance the agenda, several similarities among the work groups were noted. First, all groups reported a need for more specific surveillance tools for research topics ranging from economic evaluation, to community planning and design, to schools and special populations. It was noted that the surveillance tools should be designed to be easily accessible to the practitioners or communities that want to use them. Several groups mentioned that a menu of surveillance tools would be helpful to tailor assessments to specific The sum of the average scores for importance and feasibility. areas based on the policy or environmental change desired. Second, evaluation of "natural experiments" (ie, ongoing environmental and policy change in local communities) were discussed as a way to study outcomes of policy and environmental change. Although these were mentioned as an ideal research method, their expense and complexity were noted as barriers. Third, all groups mentioned that research in this area should include qualitative and participatory components such as interviews, focus groups, and key informant surveys. The second question for the work groups (which involved disciplines and professions working together) elicited responses that fell into 2 main areas: communication and dissemination. It was concluded that we need better ways of communicating among the different disciplines so that work is not duplicated and that we need to make the best use of synergistic efforts. Even though the goal of projects might be the same, reasons for involvement might vary. For example, health advocates might want a more walkable neighborhood to promote walking and reduce the risk of obesity. Developers might want to make a neighborhood walkable because of the economic impact; and transportation planners might want to abate traffic. Making other disciplines aware of shared goals and visions is paramount. Communicating about projects and goals is only part of transdisciplinary research. The work groups noted that the dissemination of results and tools needs to be geared toward a broader audience of individuals and groups who can use the information to change policy or practice. Surveillance tools and reports of results should be creatively disseminated across disciplines.
The last question for the work groups (about moving the research agenda forward) elicited a response that funding was a key issue. To go beyond basic correlational or descriptive research, a long-term commitment from funders is needed. More rigorous prospective and complex evaluation research studies (eg, participatory multisite studies) can be costly. 22 Another action issue discussed was the creation of research teams that could be ready to conduct studies or evaluations should the opportunity become available (eg, natural experiments). These "rapid response" teams would include people across disciplines who can respond quickly with tools to conduct baseline measurements, as well as needs assessments.
Discussion
Long-term trends in physical activity in the United States show relatively stable or slightly increasing levels of leisure-time physical activity, declining work-related activity, declining transportation activity, declining activity in the home, and increasing sedentary behaviors. 23 These long-term patterns have contributed to the alarming rise in obesity rates since the mid-1970s. [24] [25] [26] Individual-level interventions that reach small numbers of volunteers are unlikely to materially affect activity patterns and trends that impact the majority of the population. 5, 27 Correspondingly, a consensus has emerged that to offset these trends, environmental and policy approaches are the most promising strategies for long-term population-wide change. 5, 7, 28, 29 Little attention, however, has been paid to the development and prioritization of a research agenda with relevance for both researchers and practitioners.
The concept-mapping process resulted in 9 distinct clusters of research topics, indicating that researchers and practitioners identified a diversity of research needs. Some clusters were specific to settings, such as community design and schools, and one dealt with population subgroups, emphasizing the need to eliminate disparities in both physical activity and access to relevant resources. Specific policy areas identified were city planning and those relevant to transportation and recreational physical activity. More general policy issues were economic evaluation, incentives, and implementation of policies. Several topics related to measurement and methodology, including more rigorous study designs. The strong correlations between researcher and practitioner ratings of importance and feasibility were encouraging, because these disparate groups were found to largely agree on priorities. However, the inverse correlation between importance and feasibility ratings suggests it might be difficult to take the next step in identifying a shorter list of research priorities that can be pursued by funding agencies. Within each cluster, specific research topics were identified that were high on both importance and feasibility, so these specific research topics should be the starting place for identifying priority study ideas.
Current efforts to build such a research agenda differ from past efforts to stimulate and guide research on physical activity in several important ways. First, the concept-mapping process is systematic and has been applied successfully to numerous other important public health efforts. [30] [31] [32] [33] We focused exclusively on environmental and policy approaches, an area of physical activity research that is not well developed. 8, 11, 34, 35 Our research agenda was developed with input from over 200 persons across the United States. This group included a large number of practitioners, representing diverse disciplines (eg, urban planning, schools, public health). Although there have often been calls for more collaboration between academicians and practitioners, 16, [36] [37] [38] we could find few examples where these groups jointly set out a research agenda. A productive collaboration may include a diverse set of partners (Table 2) . Whereas a full-scale participatory approach to research would include extensive input from community members themselves, [39] [40] [41] our approach takes an important step in that direction by obtaining broad input from practitioners, who are more likely to have community contact than are researchers.
Our research agenda extends the earlier work of Dannenberg and colleagues, 9 who called for additional efforts to set priorities among research issues based on considerations such as feasibility and impact on health. The concept-mapping process allowed us to obtain diverse perspectives, organize responses with MDS and hierarchical cluster methods, and rate ideas on importance and feasibility. Although our research agenda provides a springboard for action, several limitations of our approach should be kept in mind. First, in reducing the original set of 600 research ideas to a manageable list for rating and sorting, both specificity of ideas and context were lost. Second, although it is crucial to address local context (eg, local priorities, the social environment) as research questions and protocols are being formed, our broad process does not account for local conditions. A third limitation is that the 2 essential dimensions for our ratings, importance and feasibility, were summaries based on multiple considerations. For example, to be "important," at least 3 dimensions are relevant: (1) What is the potential population-wide impact of an evidence-based intervention? (2) Does it accelerate the elimination of health disparities? and (3) Does it add information on an intervention that is in widespread use but has not been rigorously evaluated? Similarly, feasibility has various characteristics and limitations. We used a window of 5 years to rate feasibility but certain issues on our list might take longer than 5 years, and nearly all of the research areas depend on sufficient resources. Some issues that are highly important might also be more difficult to study (eg, city planning and design), especially within 5 years. And yet, for an issue with a high potential payoff, the extra time and effort in researching a critical topic is worthwhile. Our findings are not based on a random sample of researchers and practitioners and although our response rate might appear low compared with population-based surveys, it is comparable to similar projects 33 and produced a rich set of ideas. Another concern is that the concept-mapping method yielded research ideas, not a detailed set of question and hypotheses, which would need to be developed for a full research protocol. There is often a tension, however, between conducting rigorous research and the need to act. For a large-scale research project, it might take 5 to 10 years to obtain funding, conduct the study, analyze the data, and disseminate results. In the meantime, practitioners are faced with an urgent issue (eg, rising obesity rates 24, 26 ) and the need to take immediate action. Therefore, a high priority should be placed on the evaluation of natural experiments in which researchers add a strong evaluation to a policy that is currently being implemented or soon will be. Another concern is that the isolation of single ideas in our research agenda might overlook the importance of cross-cutting, ecological approaches that occur in various settings and populations. 15 Research on policy should include a continuum from identifying determinants of the formation of policy to understanding the outcomes of enacted policies. 11 Placing the research domains we generated in a framework such as that described by Schmid and colleagues 11 would allow experts to identify specific research gaps that need filling across a continuum.
Accomplishment of this research agenda will require a variety of tools and approaches including qualitative approaches, quantitative methods, and participatory approaches. 39, 42 In some cases, new methods are emerging that are showing promise. For example, evidence-based policy making can be supported by a health impact assessment (HIA). 43 HIAs, much like environmental impact assessments, allow us to assess the impact that changes in policies, urban planning, transportation modes, and other alterations to the built and policy environments would have on the health of members of the community. 44 In San Francisco, it was shown that an HIA can influence policy on land use in a way that advances equity and public health. 45 HIAs are only as good as the evidence on which they are based, however.
Implementation of this research agenda will need coordination and strategic planning. Our work to date is not a strategic plan but rather an agenda identifying important and feasible research topics. Because the amount of research on physical activity policy is still small and the number of physical activity researchers who can do high-quality policy research is limited, it is important that efforts are made to expand in both areas. This is the primary purpose of the CDC-funded PAPRN. By linking public health practitioners and researchers with policy scientists in high-quality research on physical activity policy, the overall capacity to do such research will be enhanced while simultaneously providing policy makers with valuable guidance on policy.
Conclusion
Although our research agenda sets the stage for new inquiries to better understand environmental and policy influences on physical activity, considerable effort will be needed to implement this ambitious set of ideas. In other areas of public health, including sanitation, mass vaccination, and tobacco control, environmental and policy approaches have accounted for much of the improvement in health status. 46, 47 It is likely that environmental and policy strategies could similarly affect rates of physical activity. To identify, prioritize, and implement these interventions, however, more practice-based evidence is needed. This can be obtained by systematically implementing our research agenda.
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